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The fluorescencespectraof polycyclicaromatichydrocarbonssuchasanthracene,1,2-benzanthracene,2 3-ben-
zanthraceneand1,2,5,6-dibenzanthracenequenchedby halomethanes,revealshiftin fluorescenceband.Both Stern-
Volmerconstantsfor fluorescencequenchingandfluorescencebandshiftsarelinearlyrelatedtothedifferenceof ioni-
zationpotentialandfirstexcitedsingletenergyof aromatichydrocarbons.
Fig. I-Fluorescence spectraof anthracenein differentsolvents
at25°C(Solventsare:(1)heptane,(2)CHzClz, (3)CHCl3 and(4)
CC14. Concentrationof anthraceneis 1.067x 10- 4 moldm- 3 in
allcases]
Resultsand Discussion
The fluorescencespectraof anthracenein differ-
entsolventsat 25°Carepresentedin Fig. 1;other
aromatichydrocarbonshowedsimilarbehaviourin
nitrogenatmosphereandtoitwasaddedameasured
volumeof heptaneto getthe requiredconcentra-
tion.All solutionswerealwayspreparedafreshin
thedarktoavoidphotochemicalchange.
Fluorescencespectraof thesesolutionswerere-
cordedon a Perkin-ElmerMPF-44B spectfofluor-
imeterusingfusedsilicacell of 1 cm opticalpath
length.
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Materialsand Methods
Aromatic hydrocarbons (Aldrich Chemicals,
USA), listedin Table1,werepurifiedbyrecrystalli-
zationfrombenzene.Spectrograde(BDH) halome-
thanesandheptanewereusedassuch;exceptchlor-
oformwhichwaspurifiedby standardmethod.Be-
causeof the sparingsolubilityof thesehydrocar-
bonsinheptane,excepthatof anthracene,thesolu-
tions of thesearomatichydrocarbonswere pre-
paredby dissolvingthesein benzene.An aliquot
frombenzenesolutionwasdriedin thedarkunder
Recentlywe havereported1theformationof con-
tactchargetransfer(CT) pairinheptanesolventand
thermodynamicandspectrophotometricproperties
of the 1:1(CT) pairsin heptanesolution,between
differentpolycyclicaromatichydrocarbons,namely
anthracene,1,2-benzanthracene(tetraphene),2,3-
benzanthracene(tetracene)and1,2,5,6-diabenzan-
thracene(asdonors)andhalomethanessuchascar-
bontetrachloride,chloroformanddichloromethane
(asacceptors).There areseveralreports2-12of flu-
orescencequenchingof aromatichydrocarbonsby
halomethanesin solutionaswellasin gasphaseand
of photoreactionsinvolvingexciplexesof reactant
species.Eiectrondonor-acceptor(EDA) interaction
betweentwodissimilarmoleculeswhenoneof them
is in electronicallyexcitedstategivesriseto familiar
exciplexemission.In themajorityof reportedcases,
polycyclicaromatichydrocarbonsactedaselectron
acceptorsandtheelectrondonormoleculesinvar-
iably containedone or moreheteroatomslike ni-
trogenor oxygent3-17andoneofthe lonepairelec-
tronwastransferedto theexcitedaromatichydro-
carbonmoleculeduringexciplexformation.To un-
derstandEDA propertiesof thesepolycyclicaro-
matichydrocarbonsin theexcitedstateinteraction
with halomethanes,the fluorescencespectraof
thesearomatichydrocarbonsin thepresenceof hal-
omethaneshavenowbeenstudied.
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Table1-FluorescenceMaximaofAromaticHydrocarbonsinDifferentSolventswithIonizationPotentials(ID) and
FirstExcitedSingletEnergies(SI) ofAromaticHydrocarbons
Aromatic l*~ V max(cm- I)insolventt0
hydrocarbon
(e.V)(eV)
Heptane
CHzClzCl3Cl4
Anthracene
7.123.32250924814752691
(280)
342)403
Tetraphe e
35245403 063
15
179(2
Tetracene
6 6463198 219527
3
9815
Dibenza thracene
410288
21
157
*Valuesof 10 and5,aretakenfromrefs.20and19respectively.
tFiguresin parenthesesrepresentspectralshiftson goingfrom
heptanetohalomethane.
Table2-Stem-VolmerQuenchingConstantsof Tetra-
cene-HalomethaneandCarbonTetrachloride-Aromatic 600
HydrocarbonSystemsat25°C
Tetracene(4.108x 10-5) Carbontetrachloride(0.21-1.04)
400
200
-
\;2
I'?
<I
0.164
0.106
0.049
Ksv
(dm3mol-I)
0.641
Halomethane
CHzClz
(0.31-1.56)
CHCl3
(0.25-1.25)
CCl4
(0.21-1.04)
Ksv Aromatic
(dm3mol-I) hydrocarbon
0.106 Anthracene
(9.56x 10-5)
0.147 Tetraphene
(5.87x 10-5)
0.164 Tetracene
(4.108x 10-5)
Dibenzanthracene
(4.11x 10-5)
Figuresin parenthesesindicateconcentrationinmoldm-3.
Fig. 2-Correlation betweenthespectralshift(Av) of fluoresc-
encebandsof aromatichydrocarbonsin differenthalomethanes
and(Io - 51) of aromatichydrocarbons[Eachcurverepresents
fouraromatichydrocarbonswithonehalometbane:CHzClz (Q),
CHCI3 (A)andCCI4(0)]
fluorescencefor aromatichydrocarbonsaloneand
in thepresenceof halomethane(A) respectively;[A]
is the molar concentrationof halomethane.The
plotsof +[1+fagainst[A]areall linear(Figs3and4),
fromtheslopesof whichKsv valuesarecalculated.
The valuesof Ksv of differentaromatichydrocar-
bonswithcarbontetrachlorideaswellasof differ-
enthalomethaneswith tetraceneare presentedin
Table2.
The red-shiftin thefluorescencespectraof aro-
matichydrocarbonsin halomethanesin additionto
thenormalquenchingmaybedueto theformation
thesesolvents.The fluorescencebandpositionsof
thearomatichydrocarbonsin differentsolventsare·
recordedin Table1.It is evidentfromTable1 that
thefluorescencebandof allthearomatic hydrocar-
bonsundergoeshifton goingfromheptanetohal-
omethane.This shiftlinearlyincreaseswithincreas-
ingionizationpotentialof halomethanebutit is not
relatedto the ionizationpotentialof aromatichy-
drocarbon.Howevera good linearrelationshipis
obtainedbetweenspectrashift(~v)anddifference
in ionizationpotentialandfirstexcitedsingletener-
gy(Io- 51)ofaromatichydrocarbon(Fig.2).
By measuringthe decreasein relativequantum
yieldsof aromatichydrocarbons(excitedatthelon-
gestwavelengthabsorptionbandin heptane)atvar-
yingconcentrationsof halomethanesinheptane,the
Stem-Volmerquenchingconstant,Ksvhasbeencal-
culatedusingtherelation18(1).
+~
- =1+Ks,,{A] ... (1)
+f
where~fandcj>f arethe,relativequantumyieldsof
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Fig. 3-SpectrofIuorimetric determinationof Stern-Volmer
quenchingconstants(Ksv) of tetracene-halomethanesin hep-
taneat 25°C[Halomethanesare:(1)CH2CI2, (2)CHCl3 and(3)
CCI4• Concentrationof tetracene:4.108x 10- 5 mol dm- 3 and
concentrationrangeofhalomethanes:0.2-1.5moldm- 3]
o 0·4 0·8
[c C14]
12 1·6
of exclplexes,i.e. complexesbetweenthe excited
aromatichydrocarbonsandthehalomethanemole-
culeswhichbreakup shortlyafterformationeither
with theemissionof thecharacteristicspectrumor
throughnonradiativepathway.If this emissionis
dueto exciplexformation,onewouldexpectarela-
tionshipof thetyperepresentedbyEq. (2),between
thefrequency(vf) of emissionandothermolecular
parameters.19
In Eq. (2) ID andSl arerespectivelytheionization
potentialandthefirstsingletexcitedstateenergyof
aromatichydrocarbons,EA is theelectronaffinityof
halomethanesand A representsthevariousother
interactionterms.As theplotof vf againstID- Sl or
IDisnonlinear,theemissionbandsarethered-shift-
ed normalfluorescencebandsdueto exciplexfor-
mationandnotduetoexciplexemissionoremission
from ground stateCT complexes.The exciplex
emissionis expectedat longerwavelengthwhichis
notobservedin thesesystems.The increasein red-
shiftoffluorescenceband,A v withincreasein ioni-
zationpotentialof halomethanesaswellaswithde-
creasingmagnitudeof (ID - Sl) of aromatichydro-
carbonssuggeststhathalomethanesactaselectron
acceptorsand aromatichydrocarbonsas electron
donors.The donorcapacitiesof aromatichydrocar-
hvf=(ID- Sl)- EA - A ... (2)
Fig. 4-Spectrofluorimetric determinationof Stern-Volmer
quenchingconstants(Ksv) of aromatichydrocarbon-CCl4in
heptaneat 25°C [Aromatichydrocarbonswith concentration
(mol dm-3): (1) anthracene(9.56x 10-5), (2) tetraphene
(5.8.1x to-5), (3)tetracene(4.108x 10-5), (4)dibenzanthracene
(4.11x to-5). ConcentrationrangeofCC14: 0.21-1.04moldm- 3
in allcases]
bons follow the order: anthracene>tetra-
cene>tetraphene>dibenzanthracene;whiletheac-
ceptor capacities of halomethanes are in
the order: carbontetracWoride>chloroform>di-
cWoromethane.This supportedby the corres-
pondingvalues of Stern-Volmerquenchingcon-
stantsof thesesystems.
.[he Stem-Volmerquenchingconstantsaremea-
suredatlow concentrationsof halomethanes,ince
at higherconcentrations,a curvaturein Stern-Vol-
mer plots is obtained.The curvatureindicates
ground state complexes9and the formation of
groundstatecomplexesin thesesystemsis verified
bythestudiesof absorptionspectral.
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